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(54) CVD^]^^tH#^^^ 



CVD *13*-8- ^7M ? )ji a]^V-§- ^a 1?1 ^ CVD #el^ ^ £^ ? 

*r ^ 7>^ (source gas) ^ -g-Sfl >L>-g-* **H . CVD >&-§- ^»H1 

*A ii 7>ife- ^*>^ ^2] ^ ^» ^ «^-^!^-# (metal halide) 7}^o]r} <$7) 

*1 *i V °l 3^ €4. (a) -*7l ^^Hr ^€ ^JE^I 7l#-g- CVD «V-g-^^^^EH ^t}. T^-g- 

(b) ^ -§--§- ^ 7>^S} 7>r£« (a) #31 ^°fl CVD -*7l ^r-g-^iH ^.s. 

^ 3J4l» ^ 7>^o^. <&f;}x} ^ ofl^^-o.^ g^dfl ^V<^#ol 

^€4. "W«H£, (c) CVD «]~§-^«1 <L>^5_ S-sH 7>ixS}- 3H 7^# ofl^i ^^.^ 
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^ MM 

tlaSflb^zW #4^ D 1" (plasma) CVD 4*14 7fl^«y ^£o]ji i ^sfl^ m ^ ay^*,} ^ 

Sfe ^ .^«Kr #4^4 W CVD ^4 ^°f| ^€4. 

£ 2a M14 2c ^4 t (thermal) CVD 4*14 7ti§*4<i] 1^5: 37 , cf = ^efls] i§4 #4^ ^0} tiVESfl 7l* 
<H1 ^ ^*Hr S CVD *3 ^°fl ^*8^4. 

£. 3a xflX| 3d ^ 44 #4^4 CVD 4*14 7fl444 ^^li, £ig *j| 1 -*}aHH 4* « 0 >^£r 
$2E*H 4* 4°fl ^ ^ ^t-i-* ^<$*H=- -1-4^4 CVD ^ t^4. 

£ 4 £ 3a vfl^l 3d °fl #4^4- CVD 4*1* #4^4 CVD 4^"i4 7flg*4°] Jg^S.o]cf. 

5. 5a ifl^l 5d 44 1 CVD 4*1^ 7fl§*^°l ^£o|jL, 1^4 *\] 2 ^Wl 4€- ^4 #44 
*)) 71* 4°i| ^ Sfrtf* 4* ^*Rr 3 CVD ¥3 *r*8€4". 

£ 6a 4 6b ^ 44 1 CVD 4*14 7fl444 ^£olj7 f 3 -S^HM 4-^ ^4 #2]^ 'fr'S* ^3E*U 

7l*ofl ^ £ ^ ^ s^-§- 4* ^^Hr <t CVD ^ * °fl ^*8€4. 

100 : ■§■4—4 CVD 4*1 101, 201 : ^-§-^4 

102 : ^ 4^" 103 : 44-§- t 1 «1 1* 4 4 (susceptor) 

104 : DC 4€ 105, 205 : «fl7l^- 

106, 206 : 7}^ £<a^- 107, 207 : #5.^ 7l^r 

108 : 43 3:^ til 109 : RF 4^ 

110, 210: 4^ -¥-4^: 4 

111. 211 : TiCl 4 /Ar ^Efh 7>ill4 : 4^ ^H. 4^*8 
200 : "t CVD 4*1 202 :7\^ 

203 : 7}<S^ *|>gE}i01a, 101b : A 1, *)) 2 «>-§-^»1 
101c : °W ^4l01d : ^4 
lOle : *34 ^4l02a : w o v # * 

el 

S-«gol 7|# 3 §-4-4 ^--^.--1^ 
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£ 3K V 71^" (CVD) %°]5L, c-]^- ^Ml^lfe €4i (elementary metal) 5Efe -g-^ 3}-^ 

* B|o] aV £ ^|] 71^- ^ol2)611 ^^S]^ CVD ^-g-^«1» ^ tt3.:8Jj-* 7\±2\ -g-*fl 

^5-<Hl. ^3 SjS. (LSI) ^ ^S}- Bflf-i] ^7\&t %n sgflE ^ ^tg^?} n :g3q-3>1. ^ 

*3 ^^wl (aspect ratio) 7> t-^ ^Tfl <^7HH, *S] aj^ofl #^ £ 



^714 -*WHH, ^ofl S]*fH ^z}-^ ^nl^- (Al) <LS. #*m<L3, ^o]^. Bfl^ SEfe 

-S-i -3^ °vo. tj.^ ^^ tol oi^ ofl^tfl. ufl^ ^ ^IJ- (contact resistance) 

°1 *W ^l^HS (low step coverage property) <Hl 7l«i*H B fl^ JEfc A ^ ^ ^ =>■ *Hl7} 

s.t=hie |s] -gi-f (window) °JM ^S 1 ^. SE^, Al ^ ^ ^HSoH^l (electromigration) ^ 



3:3* 3l*>7] -^Sfl^-i, tr<8=^ «^ (metal plug) 7> ^ £^#^r 51 ^* ^7l*j J3_:sL ^S. 3 

^*>7) 3*fl-*i 7^5)^^. ol ^-fofl, ^sq. ^ 5£*l#*, ^Hf^ *H?- £^1* ^>°13 7fl*fl -fr^ ^ (intervenin 
g dielectric film) ^ "WRr *<M #7]3.°5. -#3: ^#^t}. 

^ 1-3^ ^i^ai ol o))^- s|4^-§- 7>*M CVD ^*IH (W) 

W#5|ZIS1 E)ff ( Ti ) ti^o] iJ^fJ #3)- -fr€-«0 ^^Sl^^. Ti ^ 

(TiN) ^-o] ^z}-^ ^ Xi dt- Aj-o)] ^ofl ^«(| ^^^t^-. TiN ^ Ti n 

oi]o) w 7fl-ilAl?l jl W ^ W €*}7r 7l^o_5. -f:^ 7 Kt ^ ^ t}^. Ti s)- TiN 

rto. ^.^ v ^o] (barrier) 

=l ^°fl. W ^^^fe W «M CVD ^ ^^11 TiN ^ ^M] ^^§^4. 

pMb|o.S., -8-313] B}- S^^-S] lr^^.tl- W, TiN ^ Ti ^ (etch back) Sl^^l, W, TiN ^ Ti ^* -^^ 

^0.5. n ^-^1^. nJ-aM. TiN ^ Ti ^ ^H) W #s]^.^ -fr^^] ^ z| ^<>j) ^^^r^-. 

^^b]7> ^7 r *Vi=r<3, W «e1^-« ^«fl ^^ v € TiN ^ Ti ^ *°)H ^^tl 

^ ^Tlll- 7>^ ^ ^7fl ^Cf. O]^ X\ ^-o) ^s). 7 ]^- Aj-o^ 3^. ^] £fe i^>£] ^ °>7lt!-^-. 

oleltb ^17> ^§>^ 3* «oM*>7l ^^fl^, Ti ^ TiN CVD ^-^<Hl ^«H^1 ^€ Sl^. ^-^M-, ^ t!- 

a5-«l. CVD ^^^l 4 Ti ^ TiN Ti 3^ TiN ^ 7l CVD 

vfl^- S^MIH ^^^^1^ ^% lo l ^ °]elt!: Ti £fe TiN ^ 

* Ti £^ TiN -S-Tg 5> £ s. nfl rt^^lr} ol^Tfl ^o^^| Ti TiN ifl°fl^ ^"^^^ 

*)^r -2-^* °>7lt!-4. ol*]* -S-^lfe £ la ^- lb * -^Ml«>7n ^^tb^. 

£ la lb ^ #^ D > CVD 2] ^ ^ «?1 ^-g: 7>^«l-7ll ^t^-. 
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£ la sq- lb °fl #^2:b> CVD #*1 (1100) *r >2"§-^ (1101) 2}, ^ (1101) 2} ^-¥-^°f| -tf^ 

^ (1102) 4, ^ (1101) 21 vfl-Sj?- ^Jf«H a^e^ 7l* *u| (1103) *r. ^ (1101) 2} *9 

(RF) 3« (1109) *K ^ (1101) 21 51^-ofl xfl^ ajfl- (DC) (1104)3*. ^ (uoi) 21 sl«- 
°fl ^ $2. *]^*§ (1114) -§- t^I^. 



RF (1109) ^7l^^5. 3*f3 -tf*^ (1102) -fr.'ifl* *?>(1113) *r (1102a) * t^I***. *)-^ 

X| (1102 ) o)l rf ^^o] Sfl^iq-. vflY ^ (1113) * (1101) 21 7>i 5L<^(1106) ♦ 

Jf^M, (HOI) 21 7 >i rfc^ (5E.A1 <?>^) 2f *«-i=r. *S"# * (1102a) * (1101) 21 «>-§- 

*?t (1112) 4 tfl^ (1113) °fl 7>£:#<fr (1113) °1M £^£U, M o v #* (1102a) * **|- 

<H ShS-*?!: (1112) HH&^i=r. 



>£-§-^ (1101) 21 xflY (^r. (1112)) ^ (1101) 21 7}i (1105) ♦ **r<^ 31?^ = 

1 (1114) ^-f-^. -y-^^^ t2±(1108) 7>^ ufl#^- (1105) <>fl ^-b-^^I: (1112) °fl 9l^r 7>i £ 

^ 71-i-i-Sr ^^H. Ali^ (1114) ofl tifl-tSH ^-1} (1H2) °f| ^ *$|7l* t^tf. ^1} (1112) ^2} 

#3* 1«. (1108) ^1 21*|H 2:^4. 

a^bI (1103) DC (1104) 3f ^l^ii 3^cK--*V*l'DC (1103) 2> *v:g.X| ^ofl 

(1107) ^l7>^cl-. 

iS.e)4i^iel-3l (photolithography), ^-2f°l <>f)3) (dry etching) ^ ^^^(film deposition) 4 ^l^L *fl2: 

^-fi. cl-^sl #*l7> flofl *fl2:^ 4IM^ £fe 71^: (1107) #-°i| Ti "fl, ^^l, 

^a)^ 7143- (n0 7) ^ CVD (1100) 21 «>-g-^ (1101) iflS. °l^sl^ ^3(1103) -*<H) ^l^t}. °1 ^31 
ol^ofl gu) (1101) 21 ^-fr^ (1112) °H ^ 31* *fl7l7> ^-y^. 

4 El^ (TiCl 4 ), (Ar) ^^i(H 2 ) 7>^7> «V-g-^«1 (1101) 2l 7>i 51<g^ (1106) ♦ *«> 

ol ^jt (1102) 21 xfl^- ^ (1113) °fl ^-^-5]^ <?HH °12> S-o] ^12:^ TiCl 4, Ar ^ H 2 2l 7} 

^ (1102) 21 « 0 >#^ (1102a) * **r«^ 7^ (1107) * D"*^ 1 ^. . TiCl 4 , Ar g 

H 2 7>i^#ol ^Hl (HOI) 21 «V-g-^^>(1112) -2.^- ^^4. 

^ la °fl «>2r ^-^ DC «><>1.<H^ (bias) DC ^€ (1104) <>fl 213H (1107) ofl ^l7> . 

^ RF RF ^€(1109) 2l«|)^ ^VJjL ^= ( 110 2) ^-g-Sl^^i, (1101) 21 tiV^-^-^V 

(1102) TiCl 4> Ar ^ H 2 2l ^e]-^^ (1111) » 

4^1, 2f 10 tfl^l 30 nm ^^121 Ti ^ (i^l <?>^) °1 ^^r^ 13 } CVD $\^*\ (1107) ^ 

CVD *^«H|, £ la °fl 5E.Al^ ^ol, ^*>^1 Ti^ (1110) °1 ^l^^^ (1101), ^ (1102) ^ 

^-3^ (1103) 21 ifl-if ^21 <g^ofl ^*^ol 5^4. o]<4 ^-o], ^a}-^ 35S}*1 ^ Ti^ (1110) * 

CVD ^^iTfl «t|-. 

CVD €^1 2^fe Ti^t (1110) ©1 £ la °fl l~e}^°> CVD #*HH Bfl2l ^ 

^* 5H?ltf^, 8fe Ti^" (1110) 21 (1101). ^-f-^ (1102) £tt ^i^Bl ( 

n0 3) S.-?-El f^lslfe SI 1 ^. 'S'H^! Ti^ (1110) * ^ (1101) 21 ttV3- ^ (1112) °1| ^21 nl^*> 

SE^V, 3)s r *l Ti^ (1110) °1 ^*^lBrH. ^-S- ^ (1102) 21 3-^71^ ^ Ti^ (1110) 

°fl 2lSfl 1+W7II nl-el-A^ 71* (1107) -#°1l2l Ti ^2) ^^^1 1^4. 
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Sr*}, j£.<g-§-oj Ti ^-i- $\-& ^7] CVD ^ ^tHl (1107) 4 ^^t^, Hfl^ sK!* 

£3"' (short -circuit) 3^ 3^°1 5fl=*. °1 3 «■ (1107) ^|a^<H« *£«0 *fl3fc ^r#* 

^■tf. tt)-^^ «>-g-^tH (1101) °fl -S*r*l Ti ^ v (1110) ^ -#7l CVD ^ 0 1 ^ ^€ ^r 1 } 

#3^ 2|Sfl^ JM^Q. ^-2.7} sa^. 

°l s d &n °1 <^17> 5. lb °fl S^SIjI, ftfe-Ti ^ (1110) *6fHS4 2 ^ (C 2 

F 6 ) ^ = ^ (Ar) Si\ l-el-^> (1121) » *}"8-*M ^ll^^cf. 4*r*l Ti ^ (1110) -8: #^^> (1121) 

4 30 «■ ^<L> ^#£)<H ^SM^. 

#3l-an> (1121) C 2 F 6 <^1^^ 4# Tt3.&*& (halide) * -M-**H A S^< =r S Sl4. 

H 2 S) #e|-2:T>7> MV-g-^tf| (1101) °1H ^^^3. (post - cleaning) ^ 10 ^ ^<?> tt*1 

£4. olsltbi^S--l-el^ ^Ml, £-^2} CVD ©lei* CVD (1100) °1M € 

^2fl Hh^S., (1101) 2} ^ (1112) £r liS ^ #*M^t=r. ^ 

e)i4 t CzFg^ ^--gr #e)^ iii ^ ^ *]}3i5)o\*\ ^}^\ g>±- ^l-fr, £<a^- (1106), «fl#-¥- 

(1105) * 2:3 a l«L (1108) 2f ^ ^ Hfl-fr ^-a. ^/J£^r ^T^lfe 3^°1 S^. o}S$ £o] U-^ 

31 7>i ^ *H«£- *8«1 (1101) 2} «-fl7l<>l| V+SiTll <g** 

o)9). 1+^ <£%t* 3]^7l ^SflAi, 4*1 (dummy) CVD *3 °1 43 Si "rflsHS ^-2.7 r SU-^ °H 2}*fl 

4 v 7l ^ 4^- oflS.^. ^ CVD ^"^^ Sfl- ^€ (TiN) #51^171- -^-71^- W tfl-tl°ll 

S!^ 0 !*^. <>lfe $ CVD °1 #^ D > CVD ^22.4- ^ ^> #7\ 

£ 2a ^ 2b ^ TiN #3^* ^^Ife 1 CVD ^1 (1200) ^ ^ Si ^* .?rW^ £^1'«-Cr. °1 

(1200) trElal CVD ^1 (1100) ^ T 1 ^^ -f^tt T 1 "^* 

^ 7 > >HaS|fe- ^el^ 7l* (1107) ^1 TiN °1 ^^s]^. ^.A. ^ (1107) -8- CVD ( 

1200) ^ ^^tfl (1101) ol^£)s (1103) ^^1^4. °1 ^1 ol^, (1101) ^ 

** *?> (1112) «H ^ ^1* ^-^7}7> ^^-^^14. 

c)^.ofl t 4 (TiCl 4 ). (NH 3 ) ^ ^ (H 2 ) 7>i#ol ^-Jg»H (1101) 21 7}i£^ (1106) ♦ 

*«H ^ (1102) Si vflJjL ^ (1H3) ^■■3jL. 3. TiCl 4 . NH 3 ^ 

2 7>i ^ ^ (1102) 21 ^ * (1102a) # *«>^ 71 (1107) * **r<^ 'S*^. TiCl 4 . 

NH 3 ^ H 2 7>i ^-tHfr* (1101) 21 tiV-g- (1102) t>o.S. *5€i=r. 

5= 2a °H £^1€ «>Sr ^"°1 , <H^^ ^^^VS. <H^« DC «>c»l<Hi 7^ (1107) <& 

7>S1^1 ^o.^ o]rc|^ s.^ R F ^ (1102) -2-5. ^51^1 

n^e)-^, TiN e> (EA] °>^) o] <g CVD Si «fl ' e| (1107) ^^€4. 

©lal* CVD ^ ««r^| ^ TiN ^ v (1210) -8r 5. 2a °f| ^©l. ^ (1101) 21 vfl^- ^, 

4 (1102) 5 (1103) 21 ^« <g^ofl ^zv^c^^^ ^^ol sir}, olsf ^-o] ^ TiN ^ 

(1210) * -#71 CVD tl5t°1^ ^°1^. 

TiN #^^2) ^^oj), TiN ^-.g CVD ^-§- ^€ ^-^Sf-2l ^ ^-S-^. 

421-a-I, ^^l ^ TiN 4 (1210) Ti ^ (1110) 21 ^^1^.4 d e ^Ml* ^«<>1 Si^. # 

El^2l Ti ^2} 7| 0-^.4 d f3-o>^o> ^.n}. 
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£2bi ^44 44 C 2 He^ Ar 4 #4^4* A}~g-*Rr #34 /.}-8-«t^. ^ 

^ 4^-8- CVD Ti 4 (1110) 444 4 100 4 il4 4£r 4 50 sj "fl44 ^44^ *3.£-?} 5&4. 

Ti 44 ^-f 4fe 4=7]) <§ av°-ol TiN 44 ^4* 4*11 4-8-4°i44. 444. ig*}4 ^-fe TiN 4 (1210) 
£ £ 2b 5144 44 Ti 44 4-§-^4 (HOI) 4 4^ ^#S<S4 4 <§qoH ^zj-sjo^^ 

3*4 &4. 

444, £ 2b °1) 5144 -#714 ^ 3g4 #34 «<HH TiN 4 (1210) °fl 4-§-444, 51 2c 4 £4 €44 
TiN 4 (1210) 3 "3**4 444fe 3*4 SAfe *^|7> &4. 4fe t^S'} (1211) 7> 4^ 3= (1102 ) 4 

4 (1103) 444 <§^44 4^4 o.s. §^^3. #4^4 (1211) 4 o]^ oflig ^-§-ol ^ (n 0 2) 4 4^ 
3 (1103) 4 4*fl4 *>^7l "i|-g-44. 

5 CVD 44 (1200) fe 34 #4^4* 444 #4^4 ^ 4*1* ^44 1^7> $14^ 4^ 

o] oj,} ol <i CVD 44 (1200) Si »]S44 4 4*1 (1200) # 4"§-44 4^4 fe «V£4 444 *)1^4# ^7> 

i|]-n^o] o|.f.j;x1- T5j--£- 7|#4 4*fi 

444, •& ^44 s.^^- CVD ^44 4 4 *§=-§: &7\*\7}zl 44* #i44fe CVD 444 ^4 #34 4^ 

-§- ^l^Vfe 444. 

g. ^ a\ 4^ #4^44 4-g- §}o] CVD 4*14 a}-g-|ajfil tfl -«?•«■ «44*>fe CVD 444 ^4 #44 4 

<g-§- *fl**|-fc 344. 

£ tt^^l 4-1- ^-4£- 4514 44 44 ^§44 €4fe 44 ^r^-fe CVD ^4 ^4 4^44 4-^th 

CVD 44 4 ^ = 4^ 4^* 4^4fe 444. 

£ ^Tgo} tHg. s.^ o. CVD ^liHll- ^Al?l^, CVD ^14 w o v ^* 5J°14. 

£ ^-^^ T^-a s.^^. ^ej^*^] o]iL]i& d)4 cvd ^-^i flia «H ^-fe, ^4 #4^ y o Vl S* ^°14. 

s.*f;}7]} 01-^-44 4€r ^-44 ^l^f^ 4^-^ ^ £L3.*?-B\ ^44. 

-t^, ^ 4-8- 

^ ^tgofl 4-c- CVD ^44 ^4 #51^ 4-5-sl ^1 (a) 44 (c) s. ^€4. 

cvd ^4^1 «B-*fl4°fl 4^1^ 7m Aj-ofl 4,^4 ^ 4^-§-°l 7^4 «^ ^-i-* -S-tl- 

CVD s)«()4 ^^44. -#4 ^ 7>i^ 44fe 44 ^-n-4fe ^ % v 5.^14« 4^°14. ^4fe 

4^1 4^-on ^^s) fe ^ofl cisflAi, 44 ^ ^ 4^-#^ ^«>4 4°1 ^44 ^fl^ ii# 

S^ofl ^^44. 

(a) €4fe 4°1 ^ A 34 ^-£^1 4** CVD ^44 ^-§-^4^.^-4 ^^4. 

(b) (a) *<*l 4-8-* 4fe #4^ 7>^4 sl4 CVD ^14 4-g- ^4 4-¥-^- ^44. 7>i 
4 o))^ 4^.01] s]«n^ wv-g-^44 4-?- S^o.s.-¥-4 €44 Sfe 4* 4444. €-44 7>i^ 44fe 44 # 
# «it 44-4^ ^ •&^.?!4«- 7]-^ol4. €44 ^fe 4# °fl^^5.4 ^4°fl 44#°1 ^444. 

(c) cvd 4^14 4^s. ^-^-4 #el4 7>^4 44 7>i» 44#4 ^1 ^4s.-¥-4 »11#^4. 
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£ ^ofl ^ CVD ^4 AflJg ^oflAi, 4°1 7l^rofl 3^3^ 3H ci*><^, CVD «>-s-^ih^ 

vfl^ V_# *§^€, «*H=- 4 v 2l ^ 2^1"4 H^r ^4*1 4^ °fl 

3 *)-§-* ^4 £14 7>^# ^Tfl (b) <*M <&-§-^»H *#«\*3.<»q ^71^1 Ji. 3-31 (c) 

7}i, 34 7>i 5 <a^** ^-§-^3.^-4 afl#^. 

3^ f2 ]^ 7 >>:^ ^ ^# €i* ^-fi-*Br ^ ^-S31S1-#<=»1^ 7}i7} 

^'( c ) ^°fi 4i #4444£ <H 4 $ 4^ <g ^51 ^344 8Hr4. olfe s-e}^ 7 >i# ii 7>^5. tfl*)14^ * 
jg^.D> o}vjE} ^ 44 (dummy) CVD ^-SL*}^ 3?* ^ltH^. 

#4^ 4^-4 ^4 fAli, CVD ^El^ol ^7}^. 

£tb €«Hr ^3 ^ «-fr*H. ^ ^ **** ^ % v 5-^!^-# 7}i7} #4^ 

7>ik 4-§-«4. n*^M. CVD #4^ ^-S-^^r *42^}3 4~§- &<>1 7>i^ <H1*J 4-g-d|] 4*^ #4^€ 

^4^. #4^451 Al~g.*M 2^r4^ 3* #eWl *4^> ^ 4>^£. 3* 2^1^. 
n ^4, CVD ^I2:wl7> ^-o>^l^. 

« 7 }^os. 534 x\Q6) #^s\7] #4^ 4-fr CVD *3* 3ft 4* f\) ^€ ^ Si 

4. 44 ^>^, 1-^'} CVD ^^-7} CVD ^-§-^»H*l #4^€ -r- &4*1. 

ftk*H 71^1 4^3^r €*Kr ^ ^r^ 5 ^ CVD ^°\] 4^44 <?>^«>4. 

^ 1^1 4* w o v ^^ ^ ^^l* -M A Hl°fl A i. ^^>^ Ti 4 TiN ^ ^ (Ti) * «-*«|^ 

^■©14 o] ^Jfofl,^ 7>i-g- ^ 4 <g2|Tem (TiCl 4 ). 4 liEif ^€ (Til 4 ). 4 *^-^^S)- H]4 

(TiF 4 ) ^ 6 1-^=.^- em (TiF 6 ) *m ^1^=1^, eel'd ^>^-§- ^ '^7l * 

^. ^o)] 4- « 0 >^s1 4^ 4^3] ^H^, ^W^§4 ^^^1 (W) t^°n V »W. °1 ^ 

■f «fl ±± 7>i-§- ^ ^S.^fl4}.#^r 4 ^Sl- ^i^fl (WCI4), 4 -S-^-— 2)- (WI 4 ). 4 1-^5-=- 3^- Bj^^ ( WF 

4)^6 ^^^1 (WF 6 ) -^5- o]i=Lo^ ^oflA-i Ai^S]^, 7>i-g- ^ «S.^S^»-8r ^7l 32 

7>^4 CVD ^*|^ °JO:S. ^5)^ 5]^ 7}iHl, #3]^ 7>>i» SH* ^ »tfia <HtE)^ 7> 

^ AV-g-^ ^£ 014. 5)^ 7}^ #51^ 7>^« CVD ^1 ^-§-^^<Hl ^^Ai ^7)1 43-A> A ] y] aj-g-* 

s)Ai 7].^ «a] s)ah^. ^i-^ ^^^7> ^sq^ W o V ^t!-4. 

4^^^1-7)1^, (Ar), (N 2 ) ^ ^ (H z ) 7}i7} 7}iS A}.g-£4. 

7>^2i -a-^ ^il>|si<H^ wV^*M ^ 4^ 1^^4. 7>^aj. ^ «s.a*l-# 21 -fHg^fr 2 ^ 

^1 50 seem «S ^^=lfe 53 °1 u >^-^l^. 5 10 seem °S -^5)^r «>^^*>4. 

5|A^ 7 >^4 f^^ofl 44 m^S)^ 4^2] «>4. 7}iSl 7}Afi] 0.^4 

4 10 ^*1 100 ^fls. 4i^§4^ ^Jol wV^*>^. ^^1 -a-^ 7>^aj- ^-^ ^-s^!^#4 «* 50 ^ 
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7}^o) Dfl-f tft^, CVD ^-§"^«17> o^S)^ ^« 7}^°1 Jicf. #2}^ 7V^^=ol D J|-° 3 el- 

's, ^}*1 Hj-oii cflt!- "fl^ 1 aJ-8-°l €*Kr 147} ^M*l*l 8^4. 

7>i^=o] uflJjL o>^ ovofl tfl*}- a-e]^ 7>^^ o)Hl ^^A-l, ^«>fe §e|^ ^o^] 

*1 &fe4. 3*1 7}^o) Dfl^- ^t}^, #5}^ 7>^ CVD =9-*l^ SM-^tH -fr#^S>7fl SKVsl^r ^°1 

#31 (b) ^"iH ^-S-^sl^^ 5 *fl*l 20 Torr ^J°l «>^3«W. 3: 31 (b) ^»l^Sl <y-a^ ^= 10 T 

orr 91 ?H H>^^*>4-. ^-S-^«1 ^3 ^JjL ^-o.^, ^*>*1 gfe «M ^tb 7}^ ofl ^ ^-g-o] ^*fl^ 

A), ^*>fe #21^ 3l3).7> ^o]^^l °£^t}. ^V-g-^Bliflal <y-^o] 4£H>7fl ^r^, 7}^ CVD #*lsl wV-g-ig 

«1 <?h°5. *^«->7ll SK^Sl^ ^^o] 014. 

#7)1 (b) *<?>S) ^-§-^«l vflfi] #e)^ 7}i7} <t3 SL3. ^r*fl5l^ -^^€4. 

^7)1 ( b ) «!-g-^Bl^ ^7} ^*}^r ^*Kr CVD ^rSS^Bi T^^Tfl V^O^lgAl 

* ^£ aJ4. 

#21^ 7>^S}- 3*) 7>^o} ^^^1 B|o) ^7^5:3. ^^l}. 

#7)1 (c) 4M. vfl^fe ^i-S-^Bl ^S} <$=M JS-^Sl ^o. ^ 3^ ^3-^- 1Q -4 Torr ofl £ ^%V 

«fl*}*l ^ ^513^ 3°1 «>^^*V4. °l^r #&)^ 7>>iSf S}*! 7>i^-J o>^Hl- #El^ #7)1 ( b ) ^-°>ofl ^ 
^1 ^o^o] tiV^-igtt^"^ >H7lS|7ll §>7l ifltt S 0 ! 1 }. 

#7fl (b) 4 (c) *r ^* ^-^Kr CVD ¥=§°1 ^^Sl^vf ^ «i e>l# ^n>cf ^£ 

^4. ZL^ > ( b ) <q- ( c ) ^ -fiS>^ Bl-fr ^«Rr CVD ^€ ^"H ^£)^r «>^^^cf. 

■H- ^-Tgoll ^ ^ W o V ^^r, ^ Sl-^-# ^-o] o^ig CVD *3«1H ^ 7>iSl ^ -S- 

l-^H ^£«H 71^- -SMI ^^CrS °1^« CVD *58<>I|S. ^l?!^, <S CVD, # 

2}^f> CVD ^ * CVD *!■-§-* Si4. 

CVD ^^1^ (parallel - plate) ^ , ^ (lateral) ^, * (vertical) ^. -^^ (rotating) , ^14^ l-S-^ 1 

(radial - flowing) ^, £^ - ^1 °1 *\ (single - wafer) ^4 ^ 7>^ ^5. Sl^. £fe 

^*°1 ^-^ ^S^l 7l** ^^S)7l CVD ^l7> Aiejaj ^7)1€ 

i -a^i«n 

S3ar* ^1 1 -gA] ^ofl rxj-^ #5]^ «^ o] ^^5]^ -f-e}-^} CVD ^x]^ ^}^. 

°1^* ^r^°> CVD ^1 (100) <£-g-^ti] (101) 4, «»1 (101) si (102) ^, ^ 

(101) si uflJjS- T^^-^oil J7^^ a^e) £fe 71* *c-l (103) 4, (101) si <21^-^| »1^ S^3r (RF) ( 
109) 4, (101) 21 Sl^ofl (DC ) (104) 4. ^ (101) 51 sq^-ofl a]^- A]i^ 

(114) * T'BlSrT}. 

Sh8-fl«l (101) ^ 21^9 600 mm Si ^^^^014. (101) Si ^ (side wall) •& (101) 1- #e^KE^ 

Sl-^-ofl 7}<*7) (£Al o>^) 6fl s^^Ai 200 t: ^1 7><I€ ^ Sii=r. 



RF (109) °H ^7l^ a o v« (102 ) ifl-f. ^ (H3) 54 « 0 v# (102a) * ^alW. ^-^ 
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RF ^««>1 fef2 D } -*H?- (102) ofl (113) ^-S-^^H (i 0 l) ^ 7>i S^t 1 

(106) » **H. «»H (101) si\ afl^ 7>^ 4^ (£A] o>^) ^ * (i02a) £r (101) S} 

^ (112) 4 *$th ^ (102) si vfl^f ^ (H3) ofl 7}^-§-^ ^1} (113) «£U, «o v # * 
(102a) * **M Shg- *Q (112) J3~sL 



ti J-§-^*H (101) s\ iflJf (•§=, b>-§- (H2) ) (101) S} 7>i #^ (105) * *«H ^ (1 

14) ^ -f-tb^. "U^ 23 t^- (108) 7}i (105) °11 ^-§" (112) °H SEfe 7}if 

* *l* □ — Ali<3 (114) °fl sq«fl^i ^#^1^ W (112) ofl ^ £fl7l# *>€-tk (112) ^s} 3* ^ 
a=8 H«. (108) °fl SJ*H ^ 

^-93 (103) DC (104) 4 ^71 3-2-3. 0 *fl*l 500 V *3 DC *\&^ (103) ^ 3. 

31 uL a^e) -#ofl 7]$ (107) <*|- Sl7>£M. 7)% (107) -§- «J= 650 r^l 7><g^rf. 

Ti ^ Vo l W 0 )^ ^ 71$ (107) °fl "fl ^H^s} i£el^^el-3l, S-el- 0 l ^ ^ ^ v 

4 ^2 **M Jflja^sajl. ^H^l (107) CVD (100a) SI aV-g-^al (101) xflS. 

°1*£|jL -*1^tl (103) ^ (101) Si «>-g- ^ (112) -S-^H -^S^r}. o) 

si #*H7> £ 3a °fl 

10 *fl*l 30 nm ^}^\ S>3) °1. £ 3b °)1 £Al^ »Ja]o S tj-g-o} 3£^*HH € 

2.« r cvd *=S«*H 7 1$ (107) °H 

4 3$ 3^ (TiCl 4 ), (Ar) « ^ri (H 2 ) 7>i7> ^ ^ (102) Si xfl^- ^ (113) «H| ^^^1^ 3 

o>ofl^ ^^^Jc)-. 4 EllV 7}^^- Ti ^ -91 tb 7>>ro)cj-. TiCl 4 . Ar ^ H 2 ?}^^ fr^^r 3 10 seem, 

200 ^fl^l 500 seem, 1000 ^fl^l 2000 seem -53-5. ^ ^ °1 ^Tfl *tl2^ TiCl 4 , Ar ^ H 2 7>i ^^-g- ^ 

(102) S] « 0 V^ ^ (102a ) ^ *«|.^ 71$ (107) * **€^r. TiCl 4 . Ar ^ H 2 7>^ 

(101) Si tiV-l- (102) O.S. ^^4. tiV-S- ^ (102) Si ^-^^r 3 vfl^l 10 Torr <M1 -fr*]^. 

^ DC ^ o 0-°l DC (104) "11 Sl«flAi 7l$ (107) <Hl 1 ?l7>S|ol^ i 7l$ (107) S} 500 Ml^l 60 

Otl 7}<gt!- t }. ^-aH1_ aj-HSl rf ^i^«>l RF (109) ^ sl«flAi ^ (102) °fl < ?l7>£l<>| i 
(101) Si tiV-g- (102) <fl #2}^"> (212) ♦ D J^^-. «E}^> (212) 71$ (107) 4 ^ (102) ^>ol 

oil ^-^-O-s. #711^. 

-*7l CVD *3 ^<=><^1 , 5. 3b «1| £^1^ «>Sr ^-°1, €«>^ Ti ^ (2£^1 «>^) o] «V£^ 7l$ (107) °fl 3 
ofl cls>ol ^fe Ti e| (110) °1 ^1* (101). ^ ^i^- (102) ^ ^i^El (103) si ifl^- ^ i^ofl ^ 

^^^^°1S1^-. 

€^Ti «M 4i^Sl ^TllS. 71$ (107) * ^-i-^^ (101) Si aV-g-^ (H2) Si ^]^- ^-EflSl ^ fto] 

^-S-^«l (101) S^-El *i|7i€4. 

3^ £ 3c oil «>4 ^-o] TiCl 4 % Ar 7}i7} ^ ^ (102) ^ 7>i: (113) -2.5. ^^lal Zl <?> 

i^l TiCl 4 7>iife 7}i5. 4-§-*>j1 Ar 7>ife TiCl 4 7>^sl 7>^S.Ai at-g-tb^. TiCl 4 sl- Ar 7> 

iSl -8-^=^ 10 seem 4 500 seem ^ -g^t}. 

TiCl 4 Sr Ar 7>^2l ^ ^q- (102) Si « c ># * (102a) ^ *«r<^ ^3 (103) # **r 

^ *8*€4. TiCl 4 Si- Ar 7>>iSl ^^#-8: iJH-fl>H (101) Si tiV-g- *7V (102) tflS «&* ( 

102) Si oj-^^ 2:^8 (108) » A>-§-*>ol 30 Torr S 2^€^. (101) MlSl Ti ^ (1 

10) * ^*>7l °1 ^7> 30 £ ^ "B-^m^. €*W »fe Ti ^ (110) TiCl 4 7}+2) o)Hl 31--8-011 S) Sfl 

^^^4. TiCl 4 7>i7l- Ar 71-^ofl °l*fl/.i ^^1 TiCl 4 ^ ^ (112) ^ Tfl ^€ 

4. °1 3: 31 Si ^7} S. 3c °H 
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*?HI. «*W »fe Ti ^ (110) ol ^MSjS ^Hl tHiS) ofl^J *H#°1 TiCl 4 7>^2^ 6||3) 3}--g- 
7l°]*M (101) 3 ^ (H2) oj| ^^^cj-. 

°le1tb °f|^> #31 2^ I*. (108) ^ *"-g-*l 7^5)^ J§-°H1 ^ (ioi) s\ ifl^-fe ^ ^= Al^ig 

(114) 4| Sl^fH 1.0 X 10 " Torr 3 all f 4*1 ^ ^e^t)-. o]<i|- Qo], (ioi) xflofl flfe TiCl 4 <q. Ar 

7>i^ ^t-g: (101) S^-Ej Ufl#£)i wV-g- ^ (H2) 4] ^^SlSi^ ofl^l ^.§-,2. (1 
01) S.m o] £31^ -*^7> S. 3d oil 

°1*. 4w^l ^3)1 7l*ol (ioi) 3. ol^s)S ^-fltl (103) °fl 3*1€ ^-g-^»l (101) ^°fl^1 f- 
Br^r cvd ^g-^M • 

€-2.*}4£, £ 3c ^ 3d ^ % *ti# ^74|7> Jf- «i °1^ «V^-^4. 

EliSl^ TiCl 4 7>i^l ofl^l o>Jf 3} s-e^Vt- A>*^1 ^-f oJM^KE ^33=^ o_s_ 5 00 A 

* l^^) 1 -g^HHl nj-g. CVD ^e]^ M 0 vgoflAi f #£*)1 71* (107) Ti ^ 3 

*M €^2^r CVD (110) iflJf ^€ «*>*1 Ti ( i ) a*** 

#e)^ 7}i (TiCl 4 ) 7>i (Ar) « ^>-§-^tf| (101) ^S. *^*Ka, (ii) «hg-^»l (101) 7} 

7>^ (TiCl 4 ) Ti ^ ^ €^ Til- «-fr*rfe 7>iS] ^>u|-ol H.s. f 

#3^ 7>i (TiQ 4 ) 7> Uflfc- ^-7^1 ^°11 tiV-g-ig^ (101) efl 4^ U-T^^^S, ^<£- «g fl=2£ ^S^H 

S^fe^. 7^1- 7}i£ tflSfl^ ^-^^^r o>qe} #e)^^ C-jn] (dummy) CVD ^ (^, s)^- * 

4^1. ^<4^Alofl, CVD ^7>^. 

SEtb, ^^>fe Ti f ^ Ti fl"fr-*M ^*>^1 ^fe Ti «}■ (110) °H tfl«f)^ ofl^l aj-^.^. ^ TiCl 4 7 > : a, 7 > 

^>*€^-. CVD ^1 (100) ^ wV-g-^Wl (101) ir^^}S] A>^- ^ol S^^ 7>i (TiCl 4 ) ^ °H 

TfltJ-7]-. Al^ol ^- i£)7l nfl^-ofl, s.^^ ^-^ o_ ^ CVD *^-fr -fl^- 71* (107) 3 7,]^ ^.sfl 

*r ^>^, #^ D > CVD (100) ^ aV-S-^Bl (102) ^ ufl^-7> CVD a J-§-^«1 (102) 

AAS\ ARVofl ^ 71* (107) °fl €*Rr Ti ^ ^-^o] ^^S^fe C VD ^ 

TiCl 4 7}i7} 1 -MAl4]oflAi ^e)^ Al~g-5qci5f;E, Til 4 , TiF 4 , TiF 6 ^ ftS^m- e}^- 7>i 

7> A]~g-Sj ^£ Jflrf. Ar 7}i7} 4fl 1 Aj^l o^]o))Ai 2]^ 7]-^ Ai A>^-5]c-l^£, N 2 ^ H 2 2f 7>i7> A>^-^ 



£4fe CVD £7.1^, o] A]i^^- >fl i ^ >fl 2 ^i-g-^iH (100a ^ 100b), (100c), 

(cassette) (lOOd) £ (lOOe) » ^lth}. ^ 1 ^ ^1 2 (101a % 101b) 

fe£3a°l] #e1-2:u> CVD ^<y^ (lOOd) ^ ^-£^1 7]* (107) °1 

€ ?MS (£^1 « SJ^IS Ji+^7l ^«fl ^>-§-^^. fl»H (lOOe) tt Tfl 1 ^ 2 «>-8-^«H (100a 

100b) *H CVD 71* (107) * ^^V^t-fl a>^-^4. ^ ( 10 o c ) ^ ^^.^ A>-g-sH <>1* * 

*M 71* (107) * 741 1 <&-§-^ ^ 7^1 2 i£-§-^al (100a S 100b), ?M|S (lOOd) ^ (lOOe) A> 

olS ol*^i+. 
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Xl 1 U Xl 2 iSHHgiH (100a 9? 100b) ^ oW^, ?M|S. ^ *§zj- (100c, lOOd * lOOe) ^ ^°J^ 31 

* ^715. (117) *r XI 1 ^ Xl 2 ^^tH (101a % 101b), ?H)S. (lOOd) g ^z* 3 
«1 (lOOe) 21 TflolHl-^- zfzj- oll-^. 7l3 g. (10?) ol o]^^. 

3*1. oflatfl.-^l 1 X] 1 SB-^tH (100a) <HH aVi^l 7m (107) ^Hl ^€4. *i| 1 (100 

a) uflsl <y-Sjo] ol^ $u) (ioic) xfl3 ^ofl 4^ S^Jg *|| i aV-S-^iH (100a) 2} TlHH (117) 7ti^€4. 
Xl 1 Shg-^tH (100a) iflsl (107) o] o}*£ (i 0 0c) 3. °1^5)JX 4*1. Xl 1 ^-g-^ (100a) 2} 7\}°]^$= 

=L+, Xl 1 ^AH]ofl 4§ sjiH « 0 >^ol Xl 1 tiV-8-^«1 (100a) <HH ^€4. 

°1*<1. ^ ! ^-#^0] 7l^ofl *| 2 ^-^j. ^^A] ? )7l fl«IM. Xl 2 *h8-«»H (100b) 2? TflojE (U7) fe 

7B^5)J1 71* (107) £ Xl 2 ^Mr^ (100b) Xl 2 «>-g-^^ (100b) 2] »HH (117) 7> Jf, 

XI 2 7m (107) ^£4. 

o] ^H^l, tf«. *Y^Z]} 71^ (107) ol ol^ (100c) ol^-Sls. i+Al, Afls.^- 7 ]t (107) * afl 1 * 

^r^-ir ^*Rr Xl 1 ^-S-^^ (100a) 5. °1#€4. Xl 1 ^%»\ (100a) 2l #e]^ol ol 1374 ^£)7l ofl* 
4). °leltV CVD ^ #s)^sl ^-s.* 7143*1 s>ji ^a] a]^ 4 #1}. 

XI 1 ^ Xl 2 ^^-fr 3*}; S>4 olAj-o) CVD ^o] -^a)5]o|^1 7 )%. ( 107) ,2. (lOOe) ^flS. n}^-tfl^ ol 

sa°i^. 7>i€ 7m (107) -e-^ *r sa^-. 

A j7lt!- £°1. XI 1 -a^HHl nj-* #2l^ « 0 >H* a>^-^- _ CVD ^121 tiv-g-^al (101) .71 

* (107) 21 ol^Al^Vofl #51^^ ^ oj^ 

Xl2-^H1 

£5afe^ ^1 2 ^AHlofl 4= 3,3 #el^ « 0 >igol <^fls!)fe. g CVD #*1 (200) » 

°lem °1 CVD ^1 (200) tt ^1 (100) <>fl (104 ^ 109) °1 ffl o.^ ^ ^ (102) tfl^o)) 7 >i ^/« 0 ># 

■¥■71] (202) 71- ^1 (100) °i| Tfl^tHr 53* Xliq«>jlfe 3E 3a #^ D > CVD (100) 21 ^ 

7}>: *^-/»S-* ^7fl (202) 7> «}*^Bl (101) ^-¥-21 Aj-« o]) Tfl^t}-. °1 ^ t!r ^-71) (202) ^ 7>i ^ ^-Tj- (2 
13) 31- 7}+ * (202a) * 7>i ^ ^ (213) * ^1 (100) ^ ^ (113) 2f Aj^^o_^ 

7>>t * (202a) ^1 (100) 21 7\± « 0 V# * (102a) ^ -i^^o^ *«*|-t)-. 

4^21 ^17^ Xla^ 7m -S-ofl TiN *M ^^€4. ^7-1, 7 m (107) * ?l CVD ^1 (200) 21 tiV-g- 

«»H (101) °1«£3JL A^e-1 (103) °fl ^^1€4. ^ (101) 21 a>^- ^-y- (H2) ■& ^ ^ ^-^7l<H] o.^ 

«le1« «7il2l ^-t(|7> £ 5a °fl £^^4. 

TiN W 1 CVD (#el-^ D > CVD ^^^1 °}^) «fl 21«Ha^ f^s)^ ?J^- °l CVD *^ol «KE*I1 ^lsl 

9J XI 2: *3*IM 4^- J:43lol7l nfl^-olcf. 

t)-^-o.S, £ 5b °fl «>2l- £°1. 21 0.05 vfl^l 0.3 pm 21 TiN ^ (^ o>^) o] <g C VD *^<K| 

°1«}|A-1 *>7lSl ^*}oflA-l 7 m (107) ^^€4. 
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4 °j3}- (TiCl 4 ), oJ-S-^o} (NH 3 ) ^ ^i (N 2 ) 7 r £s*ol 7}^ JM (202) 3) 7}+ ^ ^ 

(213) n ^oflAi ^^c)-. TiCl 4 , Ar ^ H 2 7>i2] -fr^-a- 30 vfl*l 50 seem, 40 70 seem, 30 

50 seem ±3. ^^^4. ol £0) ^2:^ TiCl 4 , Ar ^ H 2 7}-i (202) ^ «o v # * (202a) 

* **H (107) •§- ^#€4. n*3M, TiCl 4, Ar ^ H z 7>i ^Bl (101) 2} ^ (i 0 2) 

.2.3. ^^-€4. (102) 2j 15 30 Torr °fl 7]* (107) 7 r °l7l 

of| Aj^E) (103) °1H 500 vfl^l 650 t *>*1 7 r ?J^r}. ^1 1 ^aHH n}^. HUgaj-fe «]-o. ^ 

H (102) vflol) o^tEl^.^^s. ^5)*1 ^^cf. 

CVD *3 *Sh>fl. S. 5b °fl ^-ol_ ^*>^ Ti ^ <?p§) ol «V£*)1 7]^ (107) «1| f^sjfe 53 

o)l °>^r Ti ^ (210) ol ^ 3^ (101), 7>i ^VS"* (202) ^ *HJtH (103) 21 tfl^- 

7m (107) -#2} TiN 5} 21 Jf-711^ *fl 1 -^AHlSi ^^>fe Ti^ M.t\- <Lg, 3.^ o]a]^ s.^v}s. A>-§- 

3*1 <£tt. ttt-el-A-l, ^1-*1 g^r TiN «h (210) <&■ *1 1 -^HH-*^ ^*}*1 Ti ^ (110) iH} ^£ <3*H £ 

«*rfe TiN ^21 ^TflS. 7M (107) £ ^-g-^H (101) 21 MV-g- ^-^Sl ^ ^-Ellol ^ ojol *V-g-;g 

«H (101) S^-Bl ^71^4. 

^ofl_ i 5c ofl s.X\Q £0^ TiC ] 4 ^ Ar 7 r i7 r 7 r i ^/^W (202) 2} 7}^ ^ ^ (213) °-S. 
^#=)3l n <?H1*1 T1CI4 ^ Ar 7>iSl -fr^Sr ^ 10 seem 3f 500 seem SLS. -t^r}. 

ol^Tll TiCl 4 ^ Ar 21 7}^ ^»^r JM (202) 2l « 0 ># * (202a) * *«T-^ ^-flE| (103) » ^ 

^^i, TiCl 4 ^ Ar 21 7>=i^- ^l-ol oj CVD ^1 (200) 21 «V-g-^al (101) 21 a>-§- ^ (i 0 2) iflS. * 
HV-g- (102) 21 oj-^^- 3:^ ^a. (108) » ^>-§-«r<^ 1 10 Torr S i^^^r. (101) 

xflsl ^*>^1 g>^ TiN b> (210) * ^)]7l«r7l °le!tb A J-Efl7l- l ^ ^-?> -6-^1^^. ^ TiN ^ (210) 

& TiCl 4 7>^S1 ofl^l 3)-§-o11 2l«|)Al ^71^4. TiCl 4 7>^7> Ar 7>^ol] 2]^X\ O.S. S1^5l7l ^^-ofl, T iCl 4 7> 

ife (112) ^)°fl^ a>n ^-^4. oleltb ^7il<HlAial ^7} 3E 5c £^1€4. 

"^H 1 ^^1 *t>°fl, TiN ^ (210) °l ^l^^sf TiCl4 7>^S1 ofl^ 7lo]*>oi| rl-^si 

^ (101) 2) a>-§- ^Vofl ^534. 

ol^* H^. (108) 7> 71) *SHI (101) 21 ifl^-fe ^» (114) SlsflAi 

1.0 x 10 5 Torr M*3r*l ^^€4. 4^1, TiCl 4 ^ Ar 21 7>^^V ^^-o] ^Bl (101) 5.^ *1^*1 afl-f'51 

fe'*^. TiCl 4 7>^2l oflSj ^ofl olSflA^I S«Bl ( 101 ) ofl A^^^ ofl ^ ^oj§^. ^ ( 101 ) ^Tl^C}. o] 

^^Hl^oi Aj-Efl 7 i- £ 5d eji eaI^cI-. 

4^21 BV£;*ll 7l*ol ^Bl (101) S. o^SlJL A^E] (103) ofl ^^1^ 3f.°\] t\-%-$ <g CVD ^ o] ti>-§-^Bl 
(101) °fl A i =r^€cr. 

^A-&>cf^, £ 5c ^ 5d 21 ofl^l ^ ^|*.^7> 2 ?i wV^-^cl-. 

^- ^^21 >ll 2 ^^HH CVD ^121 ^Hl #el^ •S-^oflAi, ^«}^ Ti ^-o] 7l* (107) ^-<H1 ^s)^ 

^ofl cj«r<H ^ CVD (200) 21 ^-g-^iH (HO) 21 vfl^- ic# i^ofl ^-^^ «*r*| ^ Ti ^ (210) ( i ) 
°11^ ^-8-* ^ 7>i (TiCl 4 ) 2> 5^ 7>i (Ar) » (101) iflS ^*>JZ, (ii) aV-g-^Wl (101) 

S*V, 7>i (TiCl 4 ) -^SV^ Ti ^1-21 ^°JtF ^ Ti» ^-fr^ ^ 7>^sl sfT-fol 

*B*€ 7>i (TiCi 4 ) 7> #3] ^ofl ^-g-^ul (101) °il 4i ^^c-iBi-a <h^^. 4^ <g^ £ ^^1 

#£l^ 4it 7}il cfl^l§>^ ^^^-> o>u)el. ^ C-lnl (dummy) CVD (^. * 
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1 ^HH^ Qo\ t #e)^ X\i}<>) ^Sr^Hl, CVD ^el^o] ^7>*t|-. 

€«}tt Ti ^2} Ti Ti ^ (210) °fl cfl«flAi ofl^J 2>-g-* ^ TiCl 4 7Ri7 r #e)^ 

-4-8-€4. cvd ^1 (200) ^ (ioi) l-el-s°>si a>.§- &oj s.^^ ^ (TiC , 4 ) o) d\] 

^-7 r 3 o.s, #e)^ a]z>o] #±$7] #el^ 4-§- CVD 7l* (107) 2} a]^ ^ofl £ 

^ Stl-c^-. ^*>^, 1 CVD #*1 (200) #-§-^*H (102) 2} 1^7} CVD £-§-^«l (102) ^ 

#e)^* ^ XI «r£^| 7l* (107) «fl «*rte Ti ^ f-^o] ^s]^ CVD ^2l ^1 2} 

Bl-S}- TiCl 4 7 r ^7 r 2 ^AHHAi 7>>iS. AV-g-sqcle^, Til 4 . TiF 4 , TiF 6 s\- ^s.^ eJ^ 7 >i 

7> A>-g-^ 5ftl4. Ar 7>^7> A|) l ^A]a)]ollA^ 3}^ 7 ^ A>-§-Sj nj N 2 ^ H 2 2} ^# 7 r ^7> A}~g-^ 

W&WZ."}*- ^>-§-^l S^^rfe S^Sr 1 CVD (200) #5+^V Al^Efl^ ^ 

*r*l gt}^r ^j* Sjnl^cf. zl CVD #*1 (200) s) ^l^al7> JM-^S! o^o] 014 

^ 3 -a ah 

*1 3 «V£*fl ^17> Afl^ lgKE*|| 71* (107) ^ 2 ofl<Hl A>-g-4a <1 CVD ^1 

(200) * *>-8-*H ^€ (W).**M ^^^4. 

W ^ * SE^ -fi-^afl ^°1 3^ "fl ^H^il ^-g-€*=}. W *-tf3j.a.s 

'dAi, 71* (107) <S CVD (200) 2) aV-g-^Hl (101) vflS. ^1^5)J1 -H^Bl (103) ^Hl (10 
1) 2] >£-§- ^-^> (112) ^gr -B-^l€4. 

^-Aj j^tiIs) AiHHV (subfilm; °J^) -Sr *^1« "S CVD 7l* (107) -^<Hl £^ 

71* -8-€*)m ^) Aj-ofl, S^«)-ol|A-1 ^A^C}. o-^^n^-o. g o. ^.Qje^ ^H] ^Cf. 

£ 6a o)l «>Sf ^o] t 5L^^ (SiH 4 ), 6 1-^-2. J=L3^ (WF 6 ), 0 f^-^ (Ar) ^ (H 2 ) 7>^7> 

7>a^ i^-/^ ^-7fl (202) ^ ^g-Tj- (213) -2.^ n <?>°flAi ^-^-€4. SiH 4 , WF 6 , Ar ^ H 2 ?}^ + 

^ 10 seem, 20 seem, 800 seem ^ 1000 seem .2-3. °l%7fl Afl2:^ SiH 4 , WF 6 , Ar ^ H 2 ^ 7> 

i-tf ^-Tfl (202) ^ (202a) * **}^ 7l* (107) * 1r*M ^#€4. 4^1, SiH 4 . WF 6 , Ar % 

H 2 S1 7>^Aj-i^^_ (ioi) Si tiV-l- ^-^> (102) ^€4. (101) £1 Sl-§- (102) 21 <^^^ 

30 Torr ^m^l. 7]* (107) 450 *C V}*\ 7><g^Cf. a)] 2 ^AH12> ^-o], c^tclt!- ^E}^o>S «V-§-^ (102) 
<H1 ^^51^1 °lsl^ ^^S^ ^ 10 ^ ^<?> *r*8^. 

ZL f-cH, °14 ^°1 -fi-^]^ -^-<H1 ^a|a^ w a. ^ Aj-ofl ^7)1^ w ^ (S^l ^) ^^#<^1 

^7i]<q- -8-a>^ <a cvd ^^ofl sl«B^i 2:?1§H1^ ^-^€4. 

WF 6 , Ar ^ H 2 7>^^ 7>i ^^-/«J-t- ^-Afl (202) 2) 7>>i ^ (213) ^•^•S)al 3. <?H1 A-j ^^-^rf. WF 

6 , Ar % H 2 2l -fr^ 95 seem. 600 seem ^ 1000 seem 21 ^ ^^€^r. <>l^r ^''l ^1^^ WF 6 . Ar ^ H 2 7> 
i-* ^Tfl (202) 21 « 0 ># * (202a) * -f-^r^ 7l* (107) * ^*>°1 ^t-^^. 

<4eH. WF 6 , Ar ^ H 2 2l 7>^a o v ^^-g-o. ^ (101) ( 10 2) ?>o.S. ^^4. ^"S" (102) 21 

°» v ^* 90 Torr <»fl -fr^SlJl 7)* (107) 2] 450 "C ^A^Cr. <H^* *^^ D >£ *?r (102) °fl 

£1a] 8>^q-. olej^V ufl^ ^Ife sajE ^ w nj-o.s. u11^*>7l ^«flAi 4f50if 6 v> ^^tf. 
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n^-^, 31 nfl^ W *\ *^°S. °1^-<H^1 W ^2} «f 5000 A °] 

-^71 ^o_S. -g-^ SJ^W ^■o] i qjg^ w^«.^ v * ^tb *W3 ^rtHM. WF 6 °fl 7l«?1^7l^: (107) ^ fl-^o) 
is.* ^^}7] $)f%*) SiH,7> ^7>2i ^g-sH, WF 6 3 -fr^* W ^^*>7l ^t!- ^^l-S-i} 3 # 

Tfl 

S. 6a «W ^71 CVD *3 €*rfc W ^" (2E>>1 ^) °1 7)^ (107) °fl ^S)^ 3 

ofl c)#H W ^ (110) o] *M (101), 7>^x ^/w 0 ># -?-7-fl (202) ^ (103) 3 ^ it* 

Ti q-JH} 3 8* *m°.S- &5.&^. 

«§Rr W «W ^21 ^M|3. 71^: (107) * ^-fr^ (101) 2} ?V (112) £| ^-Hfl-el §}o] 

^••S-^al (101) 3.^3 

HJf £ 6b o)] s.x\# a}<2}- ^-o], WF 6 i+ Ar 7>^^ 7 r i W/'**>XI (202) 2) 7>i £tf (213) °1) 
jl ^ °HM £.^4. WF 6 ^ Ar 7}iSl -fr^^r 100 seem ^ 1000 seem -2.3. -g^}^. 

6\sH- £ 6] ^Sl^ WF 6 ^ Ar 7>i JM (202) 2} * (202a) * **M (103) » Sr*M ^ 

^cf. nfef ^ , W F 6 £r Ar 7>i ^#£r (101) 2} «>-§- M (102) (102) 2} 

■3-^ 2.^ HJ«. (108) # *r-8-*r°l *t 10 Torr S. ^%&t±. ^ (i 0 l) \j\2] ^ W ^ (310) * WF 6 7 r i 

2] ^-g-ofl s)«||^|7l«r7l °1 4M|7> 30 ^ -fM^. WF 6 7>^7> Ar 7}^o?| ^«fl^i ^**| 2^5)°- 

3., WF 6 7>ir ^Jfl ^-g- (112) tB«fl^ ^Tfl °1 ^7^1^ ^-Efl7> £ 6b °f| SAl^t)-. 

°le1«: ^^1 ^tt°!l, €*M W «h (310) <>) XI 71^3. f^H cf^^ ofl^l ^^-ol WF 6 7>^^ ofl^ 3)-^. 
oil 7l«i«H «»H (101) si ^v-g- ^-^ (112) «11 

°l^t!- ^^1 ^"^ 2:^ B l«- (108) 7> 7fl^-S)^ ^--?>oll ^ (101) 21 iflJr-fe- ^1^- ^ = 

(114) <H1 2l^Ai i.o X 10 4 Torr 2) sM^l ^1* ^B)«^r. , WF 6 ^ Ar 7>^ ^l-gr ^ (101) 

S^-^ 2J-^§1 Bfl#5li &A)<H, WF 6 7>>iSl oll^J ^--g-ofl o}Sfl*| ofl ^ %V] (1 0 1) ^7^^^. 

ol^i, &s.*H 7]&o] (101) iflS °1^5|31 a^e^ (103) °fl *-§-fl»H (101) ^21 

1 CVD *^<>1 ^^^4. 

l-S-SM-'S, S. 6b 21 ofl^l ^ Bfl# ^-^ 7 > ^ «i ol^ 

^Tg^oi EflijeoDAi WF 6 7>ii2l ofl^l ©1 T^^oj]^. o^= 600 A/^-o}$i4. 

* ^21 ^1 3 ^jAHofl ^ CVD ^121 ^^^l XI 2 -a *1 ofl o^£|. «o v ^^-S., ^-SXl 71^ (i 

07) W W -^-7>«r^ <S CVD (200) 2) «>-g-^Bl (110) 21 ^ ic# £^ofl ^ 

^1 ^fe Ti ( i ) ^-8-* SHr 7>^ (WF 6 ) 21- 51^j 7>^ (Ar) » *-§-^»H (101) ^flS ^§1-J1, 

(ii) #-°r^ (101) S-^-Ei 7>i, 7>i ^ ^*"§- Bfl#f-^.^ ^7]^. 

#s)^ 7>i (WF 6 ) ^ -S*>^ W ^3^. f-<y*V -S^l W * ^-R-*>fe 7>i2l *Wo|El, «B 

#3 (WF 6 ) 7> nflt- ^741 ^o)] tiV-g-^a) (101) oil cHt ^^|C)S}-3E i+e ^«2E ^fe 

4. ©lfe 7>^» dii: 7}il cfl^l*]-^ ^-^°V o>qe^- c-)p1 (dummy) CVD (^, s|4 E 

^ Al^V) o) ^_Sls>4^ 2ln]t!-rq-. 

n^ej-Ai, ?| i ^ ^ 2 ^Al^ofl^fi}- ^-©1, -te)^ ^1^ ^ *aH1, CVD ^el^ 0 ! ^7>t^cf. 
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St!". ^SRr W ^ W S^r W s| (310) °fl <fl*lH «B3I ^ v ** WF 6 7>i7> 

7}^ ^>-§-^4. iiJ-bM. CVD #*1 (200) ^ ■Jl-g-^tH (101) #e}^">s1 a}-§- &°1 7>i (WF 6 ) ^ 6fl^i 

^-7]-3 Al^-ol ^s) 7 ] nfl^-oi] §ej^ ^.^ o. ^ CVD 3^ (107) ^ o]^ a}# ^o\] £ 

^ i=W 1 CVD ^8-*l (200) Si «}-g-^Bl (102) 1^7} CVD °1 aV-g-^Ul (102) ^ 

nfl^t} l-aj^l 5a<H^ , ^^l ^ (107) °?l €*Rr W ^5] ^-^0} ^s)^ CVD *3J3 ^ofl 21 

a] -s- wF 6 7}i7} *fl 3 ^^Hl°flAi #el^ 7>>iS. Al~g-s) d)5}£, WC1 4 , WI 4 , WF 4 ^ WF 6 ^ ^ 1i 
ig 7}^7\ Aj-g-^ Ar 7>ii7> *)1 3 -M^HH^ 7}i^1 Aj-g-S] c) N 2 ^ H 2 ^ 7>>i7> 

o\m± 3£r <i CVD #*1 (200) ^ #5l^o)l oln)^ t^ c } W Al^S ^^.^1 & 

3* 3*1 tt-cf. n CVD 3 *)1^«1 7 > v^-o>^lc}^ ol o}t} 

»1 ! ^aHI xfl^l ^1 3 ^AHl^Ai Ti, TiN ^ W ^°1 tiV£3] 7^ (107) ^ JEfe ^£31 7]* (107) $H1 
clel-jE, £ ^-fr o]a)t!- &^t=K 7}i7} ^*Rr -f- 0 ^ ^ ^*Rr ^ 

^n^r 7}±3) «H+°H *W ^^>^ ^H 1 3-6-* ^Hr^ -g- ^-"gSl #Hl^ « 0 vgol ol n)^ t} = ^ofl A)~g- 

*<H°1 -M^S*] 1 ?}. t 1 ^ 7l# A>Aj-o} o)t $oj ^$cfl 7 > ^7}o|7fl sM^Hr 
Ol«fl*flO): ^t}. ty^X] T}-§-<i] ^^-^^011 SlSflA^n}- cj^ ^^^tf. 

'il-^sl it*} 

^ol_ #e^> CVD ^ls] tiV-g-^tH^ 7l^sl o^aI^M) #el^^ ^ oj^a^ ^\b\^o) tf, 

# ^=1^. ^ CVD #^"> a^aj Al^^s ^S-S., CVD ^131 >fl2:«l7> ^-o> 

(57) fifl 
1. 

^ £^ ^ 4ii 7}>i<£) ^ S-Sfl «>-g-^r CVD ^ofl S]«flAi CVD ^^l^l aV^-^w!^ ^ 

^ ^ Sl-^-l-Sl ««W ^^Sl^ CVD ^1^1 igBi #el^ « 0 >^ 

(a) ^71 -SlSKr ^o] ^Aj^ ^ mV^^] sfr 7 ] C VD Aj.7] a>-fi-^ ^5. «-b] ^iflfe 

(b) (a) #711 ofl^ 1 7>^i4 2IA4 7^3. Aj-71 CVD #*1S1 Aj-7] «>-g-^tH ^^-*H, ^ 
7} #51^ 7^^ oflAj 2J--8-011 °1«|)A^ AJ- 7l ti>-§-^Ol^ ^7] vfl^- ^# i^^^-^El ^"7l ^*>^1 Q±r ^ ^7l^ 
^S. Ai, Aj-71 #51^ 7f^^ Aj. 7 l ^ Aj. 7l ^-^ ^if ^-B-«>^ 7>^o]^_ AJ.7I ^*>^ $ 

°fl ^ A5.Ai Aj-71 ^tt^ofl o))^l ^ol#ol ^3±r #7jl; ^ 

(c) ^71 CVD #*]2l Aj-71 <H-«»H ^fl^-^- -*7l 7}iS)- Aj. 7 l 7>^» Aj-71 °fl^! ^T^*^ 4 V 
7l ^tH5.«e1 «B%*>fe #7111- i^Hr 5i^r s^AS ^ CVD ^sl ^«1 #al^ « 0 >^. 
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^T 1 * 2. 

a i %hi sa°H. 

^-7] rhi 7>i-§- ^-7] -g-^ t-5.^1S(-# 7}ife ^71 #e)^ 7>^-g- ^-71 ^ ItS^U** ^Qj^ 3* ^"^ -2. 

5. *>^r CVD a o^. 

1 SM^I, 
-3M ^-fr Ti * ^-fr^Hr ^ Vo H, 

^7) ±+ 7>>t-g- ^4=- ^S.^9rSr 4 ^Sh eJ^£ (TiCl 4 ), 4 -£L^.= fl- E)^. (Til 4 ), 4 fHS4 ^ (TiF 4 ) . ^ 
6^^=.^^^: (TiF 6 ) 1L3. o]^o]^ ^o_S.if-B\ ^S\^, 

■#7) #e)^ 7>i-g- ^ ^5.31 ^"71 ^ ?}-g- ^0 5. ^ cvd ^ •fr'S. 

•^-7) dti 7^-§- ^ tS|«^ 4 (WC1 4 ), 4 (WI 4 ) . 4 1-^.2- ^i^l (WF<) 

^ 6 = ^ (WF 6 ) ^-S. ol^-ol^l -2-0.3.^ ^ejsH, 

5. 

*i| 1 

^7] (b) ^ (c) 7> ^ »i o]aj- ^sl^ ^'S^.S. CVD ^ *g-<g. 

*fl 1 5a°H. 

<$7] 5]^ 7Vi^ °>s^- ( Ar ). |± (N 2 ) ^ ^ (H 2 ) ^€ 3* ^S-* 

5. CVD S"B^ ' . 

$^MJ- 7. 

*1 1 *M $a°H, 

-#7| (c) 4M, -*7l ^-S-^Wl^ iflTfe <*7l S>-S-^^^ ^-^ol io " 4 Torr ^ ^ ^lt^l £^%V nfl^ ^ 

^e}5j^r s.^Jo£ ^-fe CVD ^ 

3)^8. 
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A J-7] CVD *Bl-S"> CVD 3* ^-^^-S. *Hr CVD t^^ 

4 l 1H 5a°w. 

^71 CVD 1 CVD ^] <?1 3* ^^^-S. «Hr CVD ^ #H]^ 



2fl 71 



1M TiCt 4 Ar H2 
1112 ^ 11023 



1109 



1113 
1110 

1111 
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1200 



1109 




hot 



1110 



- 21 - 




- 22 - 



tT^-^I 10-0306407 




- 23 - 



^^-^-^ 10-0306407 

SL^i 3c 




- 24 - 




- 25 - 



^^-^ 10-0306407 




- 26 - 



3-^-^-^ 10-0306407 



5b 





- 29 - 




- 30 - 



10-0306407 

•HLYl 6a 



WFs Ar H2 (SiH 4 ) 
200 \\ // 




- 31 - 



10-0306407 



51 vl 6b 




3*3 3X 
m — 



- 32 - 



